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Renal action of choAera toxin: I. Effects on urinary excretion of
electrolytes and cyclic AMP. The infusion of cholera toxin (CT),
4 g/min, into one renal artery of normal and thyroparathyroi-
dectomized (T-PTX) dogs produced ipsilateral increments in the
excretion of Na, K, Ca, Mg and Cl. Phosphate excretion in-
creased from both kidneys, but more from the infused kidney in
intact dogs. Unilateral phosphaturia occurred in T-PTX dogs
studied five or more days after T-PTX. The changes in electrolyte
excretion appeared 40 to 80 mm after initiation of CT infusion
and the maximal effects were noted after 100 to 140 mm. The
effects of CT on electrolyte excretion could not be accounted for
by changes in glomerular filtration rate or renal plasma flow.
Urinary cyclic adenosine monophosphate (AMP) increased from
both kidneys but slightly more from the infused kidney. Adeny-
late cyclase activity of cortex and outer medulla of the infused
kidney was 109 to 142°,' higher than that of the control kidney.
The results indicate that CT decreases the net transport of
various electrolytes by the renal tubule. This effect is probably
mediated by the activation of renal adenylate cyclase(s) sensitive
to the enterotoxin.
Action rénale de Ia toxine cholerique: I: Effets sur l'excrétion
urinaire d'electrolytes et d'AMP cyclique. La perfusion de toxine
cholerique (CT), a raison de 4 g par minute, dans l'une des
artères rénales de chiens normaux ou thyroparathyroidectomises
(T-PTX) produit une augmentation ipsilatérale de l'excrétion de
Na, K, Ca, Mg et Cl. L'excrétion de phosphate par les deux reins
augmente, mais plus du côté infuse chez les chiens normaux. Une
phosphaturie unilatérale est observée chez les chiens T-PTX
étudiés, cirg jours ou plus aprés T-PTX. Les modifications de
l'excrétion des electrolytes apparaissent 40 a 80 minutes apres le
debut de Ia perfusion de CT Ct l'effet maximal est obtenu après
100 a 140 minutes. Les effets de CT sur l'excrétion d'electrolytes
ne peuvent pas être expliqués par les modifications du debit de
filtration glomérulaire ou de debit plasmatique renal. L'AMP
cyclique urinaire augmente des deux côtés mais légèrement plus
du côté perfuse. L'activité adenylate-cyclase du cortex et de Ia
médullaire externe du rein perfuse est de 109 142% de celle du
rein contrôle. Les résultats indiquent que CT diminue le trans-
port net de divers electrolytes par le tube renal. Cet effet est
probablement exercé par I'intermédiaire d'une activation de—ou
desadenylate—cyclase(s) sensible(s) a I'endotoxine.
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The mechanisms of the effects of cholera toxin (CT)
on the small intestine have been extensively investi-
gated. It has been demonstrated that CT produces fluid
and electrolyte secretion in the small intestine most
probably through stimulation of adenylate cyclase and
increased production of adenosine 3'5' cyclic mono-
phosphate (cAMP) [1—91. Several other studies have
shown that the adenylate cyclase-cAMP system is
stimulated by CT in a variety of tissues, such as liver,
thyroid, adrenal, fat and leukocytes, with no demon-
stration of any other major structural or enzymatic
changes [10—16]. Thus, it has been suggested that
cholera toxin may provide a pharmacologic tool to
evaluate the role of a particular adenyl cyclase-cAMP
system in a variety of biological systems [15, 16].
Pierce et a! [17] reported that the i.v. administration
of CT to dogs produced weight loss without diarrhea;
this observation raises the possibility that the parenter-
ally administered toxin may have produced urinary
losses of fluid and electrolytes. Information on the
effects of CT on renal tubular transport are not avail-
able other than preliminary data reported in abstract
form [18, 19].
The present study was undertaken to evaluate the
effects of unilateral renal infusion of CT on renal
hemodynamics, the tubular transport of electrolytes,
renal adenylate-cyclase activity and urinary excretion
of cAMP.
Methods
Thirty-five experiments were carried out in female
mongrel dogs, weighing 14 to 30 kg, anesthetized with
pentobarbital. Dogs were ventilated through a cuffed
endotracheal tube with a respirator (Harvard). The
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ureters were cannulated through bilateral flank inci-
sions. A curved 23 gauge needle was placed in the
proximal portion of the left renal artery in the direction
of blood flow, and the left renal vein was catheterized
through the ovarian vein. Isotonic saline solution was
infused into the left renal artery at a rate of 0.5 mI/mm
throughout the experiment. A catheter was placed in
the aorta through a femoral artery for the collection of
blood samples and measurement of arterial pressure
with an aneroid manometer. Glomerular filtration rate
(GFR) and para-aminohippurate clearance (CPAH)
were measured by the standard priming dose and sus-
taining infusion of creatinine and PAH.
Clearance collections of 20 mm duration were ob-
tained throughout the entire experiment. After three
control periods, purified cholera toxin [20] was added
to the renal arterial infusion to deliver 4 g/min for
180 to 200 mm, and in some studies collections were
continued for 60 to 80 mm after CT was discontinued.
Blood samples were collected simultaneously from the
aorta and the left renal vein at the mid-point of each
clearance period and were immediately centrifuged.
Studies were also carried out in dogs without their
parathyroid glands to exclude the effects of variations
in parathyroid gland activity on urinary cAMP. Thyro-
parathyroidectomy (T-PTX) was performed on the day
of the study just before the CT-infusion in five dogs
(acute T-PTX) and five days or more prior to the
study with CT in seven dogs (chronic T-PTX). The
dogs in the latter group received dessicated thyroid,
65 mg every other day, before the study with CT. T-
PTX was considered adequate when four parathyroid
glands were identified and removed and serum calcium
concentration fell after surgery.
To exclude the occurrence of spontaneous variations
in urinary cAMP excretion during the time of the ex-
periment, four studies were carried out in dogs with
intact parathyroid glands and four in animals after
chronic T-PTX. The surgical preparation for clearance
collections was carried out in a manner similar to that
already described herein but without the renal arterial
infusion of CT.
The activity of adenylate cyclase was assayed in
homogenates of renal cortex and outer medulla from
ten chronic T-PTX dogs. The kidneys were obtained
after the intrarenal infusion of CT in six and of saline
without CT in four. Three to five minutes after the in-
fusion of CT or saline was stopped, both kidneys were
quickly removed, sliced in the coronal plane and
placed in ice-cold 0.15 M NaCI. The slices were dis-
sected to separate samples of cortex, and outer me-
dulla, which were transferred to ice-cold 50 m Iris-
HC1 buffer, pH 7.5, 1 m EGTA. The tissues were
homogenized with an homogenizer (Potter-Elvehjem)
using a motor-driven polytef (Teflon) pestle. The
homogenate was suspended in 20 ml of Tris-EGTA
buffer, and centrifuged at 2,200 x g at 4°C for ten
minutes. The precipitate was resuspended in 20 ml of
Tris-EGRA buffer and centrifuged again. The pellet
was resuspended in 50 m't Tris-HCI, pH 7.5, 1 mM
EGTA, 5 m'i MgCl2, 30 mrvt KCI and 10 mM theo-
phylline, and centrifuged at 2,200 x g at 4°C for ten
minutes. The particulate preparation of enzyme ob-
tained was suspended in the same buffer used during
the final centrifugation to give a protein concentration
of approximately 8 mg/ml for cortex and outer medulla.
Assay of adenylate cyclase activity was carried out
using the method reported in a previous publication
[21] with a modification described elsewhere [22].
The methods for the determination of sodium,
potassium, calcium, magnesium, phosphate, chloride,
PAH and creatinine in urine and plasma, urinary
cyclic AMP and total solids in plasma have been re-
ported previously [23—25. Diffusible moieties of
serum Ca and Mg were estimated using values of 65
and 78% of their total concentration, respectively, for
the calculation of renal clearances of these ions [26].
These values represent the means of the results of
numerous determinations previously reported from
our laboratory under a variety of physiological condi-
tions [23—25]. Extraction ratio of PAH and renal
plasma flows (RPF) were calculated by conventional
formulae [27]. Paired data analysis was used for the
evaluation of the significance of all data.
Results
The effects of the renal arterial infusion of cholera
toxin on renal hemodynamics, electrolyte excretion
and urinary cAMP in intact dogs are summarized in
Tables 1 and 2, and details of a representative study in
relation to time are given in Fig. 1. In these tables, the
results during the CT infusion represent the mean of
two to four consecutive 20-mm collections during the
time of maximum response that usually occurred
between 100 to 180 mm after the initiation of infusion.
During the infusion of CT, GFR and CPAH increased
in both infused and noninfused kidneys, but the incre-
ments were slightly greater in the former; however,
values for both GFR and CPAH were not different
when the infused and noninfused kidneys were com-
pared. After 40 to 80 mm of CT infusion, there was a
progressive ipsilateral increase in urine flow and elec-
trolyte excretion which reached a peak between 100
and 140 mm. The high excretory rates were generally
maintained during the CT infusion. The excretory
rates for Na, K, Ca, Mg and Cl were all significantly
greater from the infused than the contralateral kidney.
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Table J. Effect of cholera toxin on renal hemodynamics in dogs with intact parathyroid glandsa
UV, mi/mm
L R
Cr
L
, mi/mm
R
CPA
L
H, mi/mm
R
RPF
L
EPAR
L
BP
mmHg
Control
N=14
0.27 0.25 34.0 37.5 95.0 97.8 122.6 0.785 160.0
CT
N=14
1.44 0.27 42.9 40.7 126.4
10.8
112.5 182.6 0.719 149.0
After CT
N=5
0.53 0.18 39.2 41.7 113.8 115.1 160.5 0.730 131.0
CT vs. control
P <0.01 NS <0.01 NS <0.01 <0.05 <0.01 <0.02 <0.02
After CT vs. C
P <0.02 NS <0.05 NS NS NS NS NS NS
After CT vs. CT
P NS NS NS NS NS NS NS NS NS
Left vs. rightp
Control
CT
After CT
NS
<0.01
<0.05
NS
NS
NS
NS
NS
NS
—
—
—
—
—
—
—
—
—
Results are presented as mean SEM. The results during cholera toxin were obtained in a manner described in Table 2. UV = urine
volume; Ccr =exogenous creatinine clearance; CPAH = clearance of para =aminohippurate; RPF = renal plasma flow; EPAH = extraction
of para=aminohippurate, BP= blood pressure; L= left kidney, infused; R=right kidney, noninfused; and CT=cholera toxin;
NS=not significant.
The mean ( SEM) difference for Na was 196±41.4 Eq/
mm; for K, 27± 3.3 Eq/min; for Ca, 69± 17 g/min;
for Mg, 36±6 g/min; and for Cl, 164± 38 Eq/min.
The excretion rates of these electrolytes from the non-
infused kidney did not differ from the preinfusion
values. The excretion of phosphorus increased in both
kidneys, but the rate of excretion from the infused
kidneys exceeded that from the control kidneys by
168± 36 ig/min, P<0.0l. Urinary excretion of cAMP
increased in both kidneys, and the mean value was
slightly but not significantly higher from the infused
kidneys.
During the infusion of CT, there was a close relation-
ship between both the fractions of filtered calcium and
magnesium excreted and the fractional excretion of
sodium (Figs. 2 and 3).
In the five studies in which urine collections were
obtained after the conclusion of the CT infusion,
urine volume and the excretion of Na, Cl, Ca, Mg and
K decreased progressively. However, the rates of elec-
trolyte excretion from experimental kidneys remained
higher than those from the contralateral noninfused
kidneys. During this postinfusion period, the mean
differences in the rates of excretion of Na (69.1 17.3
Eq/min), Ca (22.4±5.49 igfmin), Mg (11.0±3.2
g/min), Cl (47.8±13.2 Eq/min), K (11.0±3.9
Eq/min) and phosphorus (191.2 57.4 g/min)
from the experimental kidneys compared to the control
kidneys were each significant. GFR and CPAH were not
different from values during CT, and the values from
the separate kidneys also were not different. During
the course of the experiment, there were small but sig-
nificant decreases in the blood concentrations of
Na (—3.0±0.76 mEq/liter), Ca (—0.64±0.15 mgI
100 ml), Mg (—0.16 0.02 mg/100 ml) and total solids
(—0.41 0.11%).
The effects of the infusion of CT on renal hemodyna-
mics and electrolyte excretion in dogs with acute and
chronic T-PTX are shown in Tables 3 and 4. Since the
results of all observations (except for serum and urin-
ary phosphorus) in the two groups were not different
(Student's t test), the data from the groups are com-
bined. GFR and CPAH increased in both the infused
and noninfused kidneys, and the increment of CPAH
was greater in the infused kidney. During CT infusion,
the patterns of urinary excretion of electrolytes were
similar to those obtained in the intact dogs except for
urinary phosphate. The ipsilateral increments in the
excretion of Na, K, Mg and Cl during CT infusion
were not statistically different from those observed in
the intact dogs. Urinary Ca increased less in the T-
PTX dogs, but serum Ca concentration was lower and
the increments in Ca/Cr were not different. In the
acute T-PTX dogs, urinary phosphorus concentration
was low both before and during CT infusion in both
infused and noninfused kidneys. In the chronic T-PTX
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Table 2. Effect of cholera toxin on urinary electrolyte
PNa
mEq/Iller
L
UNaY
Eq/mm
R
PK
mEq/lirer p
L
UKV
Eq/rn/n
R
Pca
mg/IO0 ml
L
UV
pg/min
R
Control
N=14
145.1 28.1 28.3 3.30 19.7 18.7 9.89 22.3 23.9
CT
N=14
142.0 233.0 37.3 3.36 52.5 26.0 9.25 82.6 14.1
After CT
N=5
137.2 88.1 19.0 3.28 29.3 28.6 8.92 35.0 17.7
CT vs. control
P <0.01 <0.01 NS NS <0.01 <0.01 <0.01 <0.01 <0.01
After CT vs. control
P <0.02 <0.02 NS NS <0.01 <0.02 NS NS NS
After CT vs. CT
P NS NS NS NS NS NS NS NS NS
Left vs. right
P
Control
CT
After CT
NS
<0.01
<0.02
NS
<0.01
<0.05
NS
<0.01
<0.02
a Data are presented as mean SCM. The results during cholera toxin infusion in each dog represent the mean of two to four consecutive 20-mm
collections during the time of maximum response which usually occurred 100 to 180 mm after the initiation of the renal arterial infusion.
PNa = plasma sodium; UNaV = urinary sodium excretion; =plasma potassium; UV = urinary potassium excretion; =plasma calcium;
U0V = urinary calcium excretion; PMS = plasma magnesium; UMgV = urinary magnesium excretion; Pp =plasma phosphorus and UV = urinary
phosphate excretion; Uc1V=urinary chloride excretion, UCAMPV=urinary cyclic AMP. CT=cholera toxin; L=left kidney, infused. R=right
kidney, noninfused.
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Fig. 1. A representative protocol in dog No. 3 showing the changes
in clearances of PA H (Cp) and creatinine (C6) and urinary ex-
cretion of sodium, calcium, magnesium and phosphorus during the
intrarenal infusion of cholera toxin. The control values are the
mean of three consecutive periods.
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Fig. 2. Relation between the percent of filtered calcium excreted
(C/C, x 100) and that of sodium (CNJCCr x 100) during the in-
fusion of cholera toxin. Each point represents a separate collec-
tion period during the maximal response to the cholera toxin in
the dogs with intact parathyroid glands.
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excretion in dogs with intact parathyroid glandsa
PMg
mg/100 ml
UMgV
g/min
P
mg/100 ml
UpV
g/min
UcnV
uEq/min
UCAMPV
nmoles/min
TS
°/
L R L R L R L R
1.57
1.41
1.16
19.1 18.7
44.7 8.98
16.0 4.98
3.79
3.89
3.72
47.2 46.3
387.0 219.0
596.0 405.0
17.0 18.1
181.0 17.0
60.2 12.4
0.7 1.2
11.2 8.4
22.5 18.5
7.53
7.12
6.88
<0.01 <0.01 <0.01 NS <0.01 <0.01 <0.01 NS <0.05 <0.02 <0.01
<0.05 NS <0.05 NS <0.01 <0.01 <0.01 NS <0.05 <0.05 NS
NS <0.05 NS NS NS NS NS NS NS <0.05 NS
NS
<001
<0.05
NS
<0.01
<0.05
NS
<0.01
<0.05
NS
NS
NS
dogs, urinary phosphorus increased from the infused
kidney in all dogs but one, which had a low concentra-
tion of serum phosphorus.
Urinary cAMP increased from both kidneys in the
acute and chronic T-PTX dogs, and the increment was
slightly greater from the infused kidney. There was no
spontaneous change in urinary cyclic AMP in either
normal or chronic T-PTX dogs evaluated without the
infusion of CT (Fig. 4). Adenylate cyclase activity was
higher by 142 3 1.5% in the cortex and by 109 19.7%
in outer medulla of the infused kidney than the non in-
fused kidney (Table 5). There was no difference in
NaF-sensitive adenylate cyclase activity in the cortex
and outer medulla of both kidneys. Also, there was no
difference in the adenylate cyclase activity of the cortex
and outer medulla of both kidneys in animals receiving
intrarenal infusions of saline without CT.
Discussion
The results of the present study demonstrate that the
intrarenal infusion of CT produces an ipsilateral in-
crease in the urinary excretion of Na, K, Cl, Ca and
Mg in normal and T-PTX dogs. The results also in-
dicate that CT has a direct phosphaturic action. There
•:
S
.
.
><
L)
••
y = 1.46 x +4.4
r 0.66
•S•
•1
< 100Ccr
10 Fig. 3. Relation between the fractional excretion of Mg (CMg/Ccrx 100) and that of sodium (C/Cx 100) during the infusion of
cholera toxin. Data points represent individual collection periods
as in Fig. 2.
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Table 3. Effect of cholera toxin on renal hemodynamics in dogs with thyroparathyroidectomy
V, mi/mi,, Ccr, mi/mm CPAH, mi/mm RPF EPA11 BP
L L mmHg
L R L R L R
Control 0.34 0.32 37.3 38.9 100.7 98.5 111.4 0.772 157.5
N=12 ±0.055 ±0.045 ±4.33 ±4.52 ±10.2 ±14.3 ±17.2 ±0.016 ±5.73
CT 1.15 0.27 42.8 41.9 156.5 121.4 213.4 0.658 151.1
N=l2 ±0.224 ±0.04 ±4.99 5.27 ±20.3 ±17.7 ±28.0 ±0.036 ±3.89
CT vs. control
P <0.01 NS NS NS <0.01 <0.01 <0.01 <0.05 NS
Left vs. right
P
Control NS NS NS — — —
CT <0.01 NS <0.01 — — —
Data are presented as mean ± SCM. Abbreviations as in Table 1.
were small increments in GFR and CPAH in the CT- lationships between the fractions of filtered Ca and Mg
infused kidney, but it is not likely that these changes excreted and that of sodium during CT infusion were
were responsible for the augmented excretory rates of similar to those observed during extracellular volume
the various electrolytes. First, acute increments in expansion (ECVE) with saline infusion [23, 24, 32].
GFR of comparable magnitude do not produce Available data indicate that ECVE produced by saline
changes in electrolyte excretion of the magnitude ob- infusion inhibits reabsorption of Na and Ca in distal as
served following CT [28, 29]. Second, RPF and GFR well as proximal portions of the nephron [30, 32—36].
often increased in the noninfused kidney without en- Thus, it seems reasonable to suggest that CT may affect
hanced excretion of the various electrolytes. The pre- reabsorption of electrolytes in distal as well as proxi-
sent observations are consistent with CT directly de- mal portions of the nephron.
creasing the net tubular reabsorption of these ions. The actions of CT on the small intestine have been
The present observations do not clarify the precise extensively investigated: Preparations of CT increase
site(s) in the nephron where reabsorption may be cAMP concentrations in the mucosa of the small in-
affected by CT. The reabsorption of Na, Ca and Mg testine of several mammalian species by stimulating
may be simultaneously inhibited in the proximal ne- the activity of intestinal adenylate cyclase [3—10, 37].
phron [30—32]. However, inhibition of proximal re- The onset of this effect is delayed for 15 to 60 mm
absorption of Ca and Na is not followed by a marked following the addition of CT with a maximum activity
augmentation of their excretion unless their reabsorp- after five to six hours [1—3, 37]. The actions of CT on
tion is inhibited at distal sites as well [32, 33]. The re- intestinal electrolyte transport closely parallel this
Table 4. Effects of cholera toxin on urinary electrolyte
PN UNV U,V U0V PMg UMgV
mEq/liler mEq/min ,nEq/liter p.Eq/min mg/100 ml jig/mm mg/]OO ml jig/rn/n
L R L R L R L
Control 147.8 43.0 44.8 3.5 19.4 19.6 7.55 15.4 16.8 1.56 26.5
N=12 ±1.22 ±8.62 ±9.9 ±0.12 ±2.31 ±2.39 ±0.40 ±3.50 ±3.16 ±0.07 ±4.32
CT 146.2 192.1 40.7 3.6 49.8 25.8 6.95 43.2 8.9 1.48 40.3
N=12 ±1.2 ±40.8 ±11.3 ±0.10 ±6.53 ±3.2 ±0.42 ±10.80 ±1.93 ±0.08 ±6.43
CT vs. control
P <0.05 <0.01 NS NS <0.01 <0.05 <0.01 <0.05 <0.01 <0.05 <0.01
Left vs. right
P
Control NS NS NS NS
CT <0.01 <0.01 <0.01 <0.01
. Data are presented as mean±SEM. Abbreviations are as in Table 2.
b Acute T=PTX dogs, N=5.
Chronic T=PTX dogs, N=7.
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Time
Fig. 4.The urinary excretion of cAMP in dogs receiving an infusion
of only saline without cholera toxin into the left renal artery. Each
pair represents an experiment in a separate animal. The study
was carried out during the same time of the day when the infu-
sions of cholera toxin were given.
effect on adenylate cyclase activity [9], and it is cur-
rently assumed that CT alters electrolyte transport
through the activation of a specific adenylate cyclase
[1—10, 37]. Further support for a primary role of
activation of adenylate cyclase by CT in mediating its
various actions has been provided by experiments in-
volving several tissues or cell suspensions exposed to
CT [10—16].
Results of the present study provide evidence that
CT activates a renal adenylate cyclase system(s) and
suggest that changes in electrolyte excretion may be
mediated by this action. Thus, the delayed effects of
intrarenal CT on urinary electrolytes and urinary
excretion in dogs with thyroparathyroidectomy
cAMP resemble the pattern of CT action on other
tissues [1—16]. There was a slightly but significantly
greater increase in urinary cAMP from the infused
kidney of T-PTX dogs, and the adenylate cyclase
activity in the infused kidney was clearly enhanced in
comparison to the noninfused control kidney. In addi-
tion, studies by Kurokawa, Friedler and Massry [22],
carried out in vitro, clearly demonstrate the existence
of a renal adenylate cyclase-cAMP system sensitive
to activation by cholera enterotoxin.
The observation that urinary cAMP increased from
both kidneys following the unilateral infusion of CT is
not in contention with the concept that CT mediates
its action on electrolytes by the unilateral stimulation
of adenylate cyclase activity. Urinary cAMP can arise
both from renal tubular cells and from other tissues,
reaching the urine via glomerular filtration. As already
noted herein, many tissues and cell types, such as leu-
kocytes, liver and adipose tissue [10—16], have adeny-
late cyclase that is sensitive to activation by CT. It is
likely that much of the observed increase in urinary
cAMP after CT may originate from such extrarenal
sources. Thus, CT activates adenylate cyclase in the
kidney, but a unilateral increase in urinary cAMP may
not be apparent both because it is rapidly degraded in
the tubular cell and because there is additional filtered
cAMP from extrarenal sources. The unilateral increase
in electrolyte excretion and adenylate cyclase activity
in the face of a bilateral increase in urinary cAMP un-
derscores the insensitivity of urinary cAMP as an
index of stimulation of CT-sensitive adenylate-cyclase
cAMP system(s) of the renal tubule. A corollary to
this is the lack of increase in urinary cAMP following
the administration of vasopressin, a hormone which
acts by stimulation of a specific renal cyclase [38, 39].
In dogs with intact parathyroid glands, phosphate
excretion increased in both kidneys but more from the
R
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U,.V
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mg/lOU tnt ig/min
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Table 5. Renal adenylate cyclase activity after cholera toxin infusion in chronic T-PTX dogs
Adenylate cyclase activity (p moles of cAMP)/mg of protein/mm
Dog No.
Cortex Outer medulla
Basal NaF Basal NaF
L R L R L R L R
22
23
24
25
26
27
32.8
25.1
45.8
10.1
13.3
21.3
17.5
14.4
22.2
2.9
4.0
10.5
125.0
65.9
101.0
41.6
45.2
207.0
129.0
64.2
111.0
44.3
34.6
184.0
21.5
38.5
35.0
7.8
15.5
23.7
13.9
19.2
23.0
3.2
5.8
10.0
179.0
96.4
115.0
46.6
51.6
298.0
153.0
91.5
105.0
41.3
52.5
206.0
Mean
SEM±
p
24.7
5.37
<0.01
11.9
3.1
97.6
25.6
NS
94.5
23.5
23.7
4.73
<0.01
12.5
3.13
131.1
38.8
NS
108.2
25.5
Each value represents the mean of triplicate determinations. L, experimental kidney; R, control kidney. Adenylate
cyclase activity was measured before (Basal) and after the addition of 10 mai sodium fluoride (NaF). The dog numbers
correspond to those in Table 2 except electrolytes were not measured in No. 27.
kidney infused with CT. In these animals, serum cal-
cium concentration fell during the experiment and this
could have stimulated the parathyroid glands. It is
possible, therefore, that the phosphaturia observed
from the noninfused kidney could have been due to in-
creased blood concentrations of parathyroid hormone.
The latter may have also contributed, in part, to the
phosphaturia noted in the experimental kidney. This
assumption is supported by the finding that phospha-
tuna developed only in the kidney of the chronic T-
PTX animals. The lack of substantial phosphaturia in
the acute T-PTX dogs during CT infusion may seem
surprising. However, there are data indicating that the
usual phosphaturic action of extracellular volume ex-
pansion with saline infusion is also absent in the acute
T-PTX animals [40, 41]. It has been shown that the
capacity of the distal nephron to reabsorb phosphate is
increased in animals with acute T-PTX [42], and,
hence, the effect of various agents that may reduce
phosphorus reabsorption at proximal sites is masked.
The lack of substantial phosphaturia following CT
in acute T-PTX dogs suggests that the adenylate
cyclase-cAMP system stimulated by CT differs from
the adenylate cyclase which is sensitive to parathyroid
hormone. Administration of parathyroid hormone ex-
tract to animals with acute T-PTX may produce
phosphaturia [43]. Furthermore, in vitro observations
demonstrate that the effect of CT and parathyroid
hormone on adenylate cyclase of renal cortex is addi-
tive [22].
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